Provisional. This signifies that the criteria set has been quantitatively validated using patient data, but it has not undergone validation based on an external data set. All ACR-approved criteria sets are expected to undergo intermittent updates.
INTRODUCTION
Although the treatment of systemic lupus erythematosus (SLE) has improved markedly, its morbidity and treatment-related damage are still considerable (1) (2) (3) . In contrast, several promising therapeutic modalities have become available, and many others are likely to appear in the future (4) . To ensure maximum efficiency in the evaluation of new treatments, powerful and uniform criteria for the assessment of response in clinical trials are needed (5) (6) (7) . Recently, the American College of Rheumatology proposed response criteria based on measures of overall dis-ease activity (8) , as well as criteria for the steroid-sparing ability of interventions in SLE (9) .
The performance of clinical trials in juvenile SLE is made difficult by the small number of eligible patients, the heterogeneity of disease manifestations, and the lack of standardized criteria to assess clinical response. Additionally, there is little consensus about the amount of change in end points that signifies clinically important improvement or worsening. Methodologic advances in the definition of clinical response constitute a suitable manner in which to overcome some of these problems. Standardized criteria for juvenile SLE trials would provide a common basis for comparing different treatment options, permit study and statistical comparison of patients with different disease manifestations, and facilitate comparisons of different clinical trials using meta-analysis.
To help standardize the conduct and reporting of juvenile SLE clinical trials and enhance identification of new therapeutic agents, the Pediatric Rheumatology International Trials Organization (PRINTO) (10) , in collaboration with the Pediatric Rheumatology Collaborative Study Group and with the support of the European Union and the US National Institutes of Health, undertook a multinational effort that was aimed at developing, and promulgating a core set of outcome measures and a definition of clinical improvement to evaluate response to therapy in patients with juvenile SLE. The first 2 phases of the project, which were previously reported (11, 12) , led to the development of a prospective, evidence-based, validated core set of 5 domains for the evaluation of response to therapy (Table 1) .
In this article, we report the results of the third phase of the project, the aim of which was to develop a validated definition of improvement to aid in the classification of individual patients included in future therapeutic trials as either improved or not improved. We anticipate that a standardized definition should help physicians decide, in the clinical setting, whether a child with SLE has responded adequately to therapy.
PATIENTS AND METHODS
The overall methodology of this phase of the project was based on the methodologic framework and good results obtained with previous studies in rheumatoid arthritis (13) , juvenile arthritis (14 -16) , and inflammatory myopathies (17) . The 5 validated domains included in the final core set of variables for the evaluation of response to Table 1 . The PRINTO juvenile SLE core set includes the following 5 clinical measures: 1) physician's global assessment of the patient's overall disease activity on a 10-cm visual analog scale (VAS); 2) global disease activity using the European Consensus Lupus Activity Measurement (18, 19) , the Systemic Lupus Erythematosus Disease Activity Index (20, 21) , or the Systemic Lupus Activity Measure (22); 3) renal involvement as assessed by 24-hour proteinuria; 4) parent's global assessment of the patient's overall wellbeing on a 10-cm VAS; and 5) health-related quality of life (HRQOL) assessment through the physical summary score of the parent's version of the Child Health Questionnaire (CHQ PhS) that measures the physical well-being of the child (23, 24) . The domains included in the core set underwent a careful evidence-based evaluation, which has been previously described (12) . In particular, all domains were found to be feasible and to have good construct validity, discriminative ability, and internal consistency; furthermore, they were not redundant, proved responsive to clinically important change in disease activity, and were strongly associated with treatment outcome. Based on these key measurement properties, the domains were included in the final core set. It should be noted, however, that the recommended variables are only a minimal core set and that investigators can measure as many other variables as they deem appropriate for the major hypothesis that is being tested. Following the selection of domains for the evaluation of response to therapy, a second consensus conference, entitled "International Consensus Conference on Defining Improvement in Juvenile SLE and Juvenile Dermatomyositis," was held in Camogli, Italy, on September 27-30, 2003 . The meeting was attended by 37 experienced pediatric rheumatologists from 27 different countries to ensure wide international acceptance of the results of the project, and was facilitated by 4 of the authors (NR, EHG, BAG, AP) each of whom has expertise in nominal group process (25) . Briefly, nominal group technique is a structured face-toface meeting, with round-robin guided discussion, designed to facilitate reaching consensus among a group of experts. The overall goal of the meeting was to reach consensus on a validated definition of improvement based on the PRINTO core set of end points, using a combination of statistical criteria and consensus formation techniques. To achieve this objective, 5 steps were pursued, which are described below.
Step 1. Using nominal group technique, rate each of 128 patient profiles as "clinically importantly improved" or "not improved." Data for the 533 patients with juvenile SLE enrolled in the validation phase of the study (12) were used to select a subgroup of 128 patient profiles that were presented to conference attendees for the evaluation of a therapeutic response. The profiles selected were those that were judged by the conference organizers to be near a putative threshold level of improvement (e.g., patients who showed 100% improvement in all outcome variables were not good candidates for inclusion, because everyone would agree that such patients had improved, and that all of the definitions of improvement would categorize these patients as improved; likewise, for patients who showed 0% improvement in all outcome variables, everyone would agree that such patients were not improved/unchanged, and that all of the definitions of improvement would categorize these patients as not improved). Similar to what has been done for other definitions of improvement in patients with rheumatologic disease (13-17), each profile contained only information related to the 5 validated PRINTO juvenile SLE core set measures (12) . In each profile, and for each core set variable, we reported absolute values at baseline and 6 months and the absolute and percent change from baseline (Table 2) . Participants were randomized into 3 equally sized "nominal groups" and asked to rate each of 128 patient profiles as clinically importantly improved or not improved, independently of the other participants. The moderator then asked each member how he or she had voted on each patient. If an 80% consensus was not achieved on whether the patient was improved or not improved, then the patient profile was discussed in a round-robin manner, and a second vote was taken. If 80% consensus was still not attained, the patient profile was declared uninterpretable. Profiles judged "uninterpretable" by 1 or more groups were rediscussed in a plenary session with nominal group technique; if consensus Ͼ80% was reached, then the patient profile was retained, otherwise it was deleted from further analysis. It was expected that consensus would be reached for at least 80% of the patients discussed.
Step 2. Several statistical evaluations (see below) were performed, using the physicians' consensus judgment as the "gold standard measure" to identify the best definition of improvement. Because no definitions of improvement that used combinations of the core set variables existed in the literature, we tested 597 different definitions of improvement that were deemed clinically reasonable and that were classified as generic and specific.
Each generic definition required improvement by at least x% in at least k of the 5 core measures, with no more than m other measures showing worsening of 30% or more. The combinations of x ϭ 20%, 30%, 40%, or 50%, k ϭ 2, 3, 4, or 5, and m ϭ 0, 1, or 2 were considered. For the variables that worsened, the amount of worsening selected was based on the median changes observed in the entire data set (12) . An example of a generic definition is as follows: at least 20% improvement from baseline in any 2 of the 5 core set measures with no more than 1 of the remaining measures worsening by more than 30%.
Each specific definition required improvement by at least x% in at least k of the 5 specific core measures, with no more than m other measures showing worsening of 30% or more. The combinations of x ϭ 20%, 30%, 40%, or 50%, k ϭ 1 specific key variable (e.g., physician's global assessment of the patient's overall disease activity) alone or in combination with 1 or 2 other specific key variables, and m ϭ 0, 1, or 2 were considered. An example of a specific definition is as follows: physician's global assessment of the patient's overall disease activity and 24-hour proteinuria improved by at least 30%, 2 of any remaining 3 measures improved by at least 20%, and none worsened by more than 30%.
We evaluated the ability of the 597 candidate definitions of improvement to classify individual patients as improved or not improved, and then assessed the agreement between the definitions and consensus of the physicians. We used only patient profiles for which physician consensus was achieved. For each definition, we calculated the chi-square test (1 degree of freedom) and the corresponding P value, sensitivity (ability of the definition to identify a patient as improved who had been classified as improved by the physicians), specificity (ability of the definition to identify a patient as not improved who had been classified as not improved by the physicians), the false-positive rate (percent falsely identified as improved by criteria/all patients identified as improved ϫ 100), the false-negative rate (percent falsely identified as not improved by the criteria/all patients identified as not improved ϫ 100), and area under the receiver operating characteristic curve (ROC) (26) . Moreover, the kappa statistic (27) was used to measure the strength of agreement between the definitions and consensus of the physicians, using the following cutoffs as proposed by Landis and Koch (28): 0.01-0.2 ϭ slight, 0.21-0.4 ϭ fair, 0.41-0.6 ϭ moderate, 0.61-0.8 ϭ substantial, and 0.81-1 ϭ almost perfect agreement. Only definitions with kappa statistics Ͼ0.7 (substantial agreement), sensitivity and specificity Ͼ80%, and false-positive and false-negative rates of Ͻ20% were retained, while the remaining were eliminated from further considerations. On the next day, the results of the statistical analyses were presented to the conference attendees.
Step 3. Using nominal group technique, decide upon which of the remaining definitions of improvement is easiest to use and most credible (highest content validity). The attendees were again randomly split into 3 groups and, using nominal group technique, were asked to determine which of the definitions of improvement that performed best were easiest to use and most credible (content validity), ranking the 5 best from 1 (lowest) to 5 (highest content validity).
Step 4. The content validity score was multiplied by the kappa values to obtain the "best" definition. For each definition, the 3 content validity rankings obtained by the 3 nominal groups were summed, and the resulting sum was multiplied by the corresponding value of the kappa statistic, to obtain the final score that incorporated both statistical evaluations and experts' judgments.
Step 5. Concordance between response assessments made in the core set validation phase and those made at the consensus conference was assessed. Concordance between evaluation of the response to therapy (improved versus stable/not improved) made independently by the attending physicians and the parents at the time of the prospective data collection (12) and that made by the consensus conference attendees (improved versus not improved) were assessed again by means of kappa statistics (27) using the cut-offs proposed by Landis and Koch (28) .
Association between changes in each of the 5 core measures and the overall outcome. The association between the change in each core set measure and the evaluation of response to therapy was analyzed by multiple logistic regression, which used as explanatory variables the baseline-to-6-month change in each core set variable and as dependent outcome the physicians' consensus evaluation 358 Ruperto et al of patient improvement. Variables were dichotomized according to the best cut-offs provided by the ROC analysis (26) . Determining the best cut-offs for each core set variable will help physicians decide if a patient is improved based on the absolute change in that particular measure. Data were entered in an Access XP database and analyzed with Excel XP software (Microsoft, Redmond, WA), XLSTAT 6.1.9 software (Addinsoft, Brooklyn, NY), Statistica 6.0 software (StatSoft, Tulsa, OK), and Stata version 7.0 software (Stata, College Station, TX). Table 3 shows the demographic features and the baseline and 6-month values for the core set variables in the subgroup of 128 patients used to create the patient profiles for the consensus conference and in the remaining 405 patients collected for the validation of the core set for the evaluation of response to therapy (12) . The demographic features of the 2 cohorts were comparable, although the consensus patients had slightly longer disease duration. At baseline, the 2 cohorts were comparable for all core set variables except the parent's global assessment of the patient's overall well-being, the score for which was lower among consensus patients. The finding that at 6 months values for all core set variables were worse in consensus patients was expected, because this subgroup comprised patients who were near a putative threshold level of improvement (see Patients and Methods), whereas the other subgroup included the remaining patients who achieved the most pronounced levels of improvement.
RESULTS
Results of scoring the patient profiles. Consensus Ն80% was achieved for 109 (85%) of the 128 patients, with 70 (64%) of the 109 patients being judged as achieving clinically important improvement, and 39 (36%) of the 109 patients being judged as not improved. In no case did 1 nominal group rate a patient as improved and the other 2 groups rate the same patient as not improved.
Identification of 10 definitions of improvement as the best performers.
Ten of the 597 definitions of improvement reached a kappa value of Ն0.7 (substantial agreement); the corresponding chi-square values, P values, sensitivity, specificity, percent false-positive and falsenegative rates, area under the curve, and kappa statistics are shown in Table 4 .
Content validity of the 10 definitions of improvement and final resolution.
After presentation of the above data, the attendees, using nominal group technique, selected the 5 best definitions for content validity and ranked them on a 1-5 scale, with 5 being the highest. The sum of the combined ranks from the 2 groups is presented in Table 4 (minimum-maximum 2-150). Then, the sum of the ranking was multiplied by its kappa statistic to obtain the final score (minimum-maximum 2-118), and the definitions of improvement with the highest final score were identified. The definition of improvement that scored highest was the following: at least 50% improvement in any 2 of the 5 core set variables, with no more than 1 of the remaining variables deteriorating by more than 30%. As seen in Table 4 , the definitions that ranked second and third highest are similar to the highest-ranking definition but required a lower degree of improvement. The similarity of the top-ranking definitions indicates convergent validity of the measures. Because the statistical performance of the 10 best definitions all had kappa statistics Ͼ0.7, the selection of the final definition of improvement was driven mainly by the ranking (content validity) of the top 5 definitions.
Concordance in the evaluation of response. The level of agreement in the evaluation of response to therapy between the physicians who assessed the patients in the validation phase and those who assessed the patients during the consensus conference was in the moderate range ( ϭ 0.4, 95% confidence interval [95% CI] 0.2-0.6). The level of agreement in the evaluation of response to therapy between the parents who assessed the patients in the validation phase and the physicians who assessed the patients during the consensus conference was in the fair range ( ϭ 0.3, 95% CI 0.1-0.5). To explain the observed level of agreement, it should be specified that the physicians attending the consensus conference made their evaluation based only on changes in the 5 core set variables, while physicians who assessed the patients in the validation phase were the attending physicians who judged the complete clinical status of their patients. The same holds true for the parents who assessed their children. Furthermore, it should be remembered that, for statistical purposes, we chose to create the profiles of those patients in whom the clinical change from baseline to 6 months was less pronounced (and thus potentially more controversial) in the direction of either improvement or worsening.
To obtain further insights into this issue, we evaluated the level of concordance between the classification derived from the "top definition of improvement" and either attending physicians' or parents' evaluations in all 533 patients (12) . Compared with the previous analysis, the level of agreement with attending physicians increased from 0.4 to 0.5, and the level of agreement with parents increased from 0.3 to 0.5. These kappa statistics fall in the moderate range (28) . Bearing in mind that the evaluation of a patient in the clinical setting implies different issues than those involved in a clinical trial, this level of concordance is more than acceptable, particularly when taking into account the fact that no standards for comparison with our findings are available. Indeed a similar analysis has never been attempted for other rheumatic diseases (13, 14, 17) for which a standard definition of clinical improvement was based only on the results of consensus conferences and not on ad hoc prospectively collected data as were used for this project.
Further refinement of the definition of improvement.
After selecting the definition of improvement, the consensus organizers were asked to perform a further analysis on the top definitions by adding the requirement that the 24-hour proteinuria cannot worsen. The inclusion of this "contingency" led to definitions with lower statistical per- * Definitions are ordered according to the final score. AUC ϭ area under the curve; Rank ϭ consensus attendees selected which definitions of improvement performed best, were easiest to use, and most credible (content validity); Final score ϭ the sum of the content validity rankings was multiplied by the corresponding kappa statistic. † P Ͻ 0.0001 360 
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formance; for example, for definition 11 the sensitivity decreased from 90% to 84%, the specificity increased from 90% to 92%, and the kappa value decreased from 0.78 to 0.73.
Association between changes in each of the 5 core measures and the overall outcome. The association between the change in each core set measure and response to therapy was analyzed in a multivariate analysis, which used as explanatory variables in baseline-to-6-month change in each of the 5 core set variables and as dependent outcome the physician's consensus evaluation of the patient's improvement. In the final model (Table 5) , the physician's global assessment of the patient's overall disease activity appeared to be the strongest predictor of response to therapy (odds ratio [OR] 25.4), followed by the CHQ-physical health well-being, and the European Consensus Lupus Activity Measurement (OR 12.2 and 8.7, respectively), whereas 24-hour proteinuria and the parent's global assessment of the patient's overall well-being, despite having ORs in the right direction (OR 4.1 and 1.7, respectively), did not reach the level of statistical significance.
Practical application of the validated PRINTO definition of improvement. The domains and suggested variables included in the final core set for the evaluation of response to therapy in juvenile SLE are shown in Table 1 . The suggested variables to measure each domain are those used for validation of the core set and of the definition of improvement but researchers can use other variables that might be more appropriate based on their study design or new validation data that will appear in the literature in the future.
Two examples with data from real patients used at the consensus conference are shown in Table 2 .
DISCUSSION
Using a combination of data-driven and consensus-formation processes, pediatric rheumatologists with specific experience in the assessment of juvenile SLE developed a validated definition of improvement that PRINTO proposes for inclusion in future juvenile SLE clinical trials. Based on the top definition, improvement in individual patients with juvenile SLE can be defined as follows: improvement in any 2 of 5 core set variables by at least 50% versus baseline, with no more than 1 of the remaining variables worsening by more than 30%.
It is interesting to note that during the nominal group discussion, the consensus conference attendees pointed out that, given the similarity in kappa agreement for the top definitions, when evaluating a severe disease such as juvenile SLE, they prefer to aim for the highest improvement suggested by statistical analysis (50% improvement). Indeed, the 50% improvement recommended for juvenile SLE is higher than the 30% improvement requested for juvenile arthritis (14) and the 20% improvement for juvenile myositis (29) and the inflammatory myopathies (17) .
The PRINTO definition includes objective measures, such as a global measure of SLE activity and measurement of 24-hour proteinuria, and a physician's subjective assessment of the level of disease activity, but it also considers parent-reported outcomes, such as assessment of overall well-being and HRQOL. The definition selected by the consensus panel performed well in the available data set, with high sensitivity and specificity, and low false-positive and false-negative rates. Furthermore, the definition revealed a good ability to discriminate between patients who improved and those who did not. The consensus process indicated that this definition had the best content validity as well. Besides the consensus of a large number of experienced pediatric rheumatologists from many countries that provided wide international acceptance to the project, and its good statistical properties, the strengths of this definition are its evidence-based selection process and the validation of its core set components (12) , which were performed in a very large sample of patients assessed in a prospective manner.
The validated definition of improvement was based on a composite of outcome measures that were set up to detect a broad range of clinical change. Until now, single-organ measures have been used in most SLE clinical trials (e.g., in SLE nephritis). Advantages and disadvantages are associated with each approach (4, 8) . Although the use of measures related to single-organ involvement certainly provides more meaningful information to the trial, this focus limits information on the clinical status of patients and thus the value of the results. Assessing multiple organ systems alone is impractical because it would lead to assessment of only a small number of patients, due to disease heterogeneity. Alternatively, the use of measures of SLE activity as a whole would "dilute" measures related to a particular organ, because of contributions from other systems. However, it has been suggested that the use of comprehensive and nonredundant pooled outcome measures offers the advantage of increased clinical validity and improved sensitivity (30) . Furthermore, because juvenile SLE has a broad phenotype, there is concern about the ability of any single measure to capture the treatment effect reliably.
In contrast to the JIA response criteria (14) , the core set of measures in juvenile SLE probably will not cover all changes brought on by trials of potential therapeutic approaches ranging from topical treatment to the more potent immunosuppressive regimens. For these reasons, we believed that the primary function of response criteria is to provide information related to the patient as a whole. Therefore, we included a disease activity tool, which is likely to incorporate any change in major organ manifestations, and physician-and patient-centered outcome measures as suggested by different groups of investigators (5) (6) (7) (8) (9) 31) . These criteria may constitute a secondary end point in a trial focused on a patient's primary problem or organ involvement that would be the primary end point. To our knowledge, no evidence-based information exists on the relative performance of organ-specific versus broader measures of response, because none of the previous SLE trials compared these 2 sets of end points.
Our study should be viewed in light of certain limitations, which include the facts that it was not conducted in the context of a real clinical trial, and that the PRINTOvalidated definition of improvement showed a 17% falsenegative rate; this aspect should be further evaluated in future studies. The main strength of the study resides in the prospective collection of a large amount of data, which has never been attempted for other rheumatic diseases (13, 14, 17) ; this approach ensured an evidence-based validation analysis of the juvenile SLE core set (12) and provided data for the consensus conference evaluations.
In summary, PRINTO investigators developed a validated definition of improvement that will help standardize the conduct of juvenile SLE clinical trials and assist clinicians in the classification in daily practice of patients as being either responder or nonresponder. In the absence of available therapeutic trial data in juvenile SLE, this definition deserves validation in future controlled studies to examine its discriminant validity in detecting a therapeutic response greater than that of placebo or the active comparator, and to assess whether further refinements of the currently available instruments are required.
